The dichloromethane extract and seven anthraquinones isolated from in vitro cultured roots of Morinda royoc L. were tested for their antimicrobial activity against seven yeast and seven bacterial strains. The extract showed a minimum inhibitory concentration (MIC) value of 15.6 μg/m against all species of Candida tested; except C. glabrata (MIC 1.95 μg/mL), and it inhibited the growth of oxacillin-resistant Staphylococcus aureus (MIC 31.2 μg/mL). Only morindone showed activity against all yeast strains (MIC 1.9 μg/mL), and against oxacillin-resistant Staphylococcus aureus (MIC 15 μg/mL).
Morinda royoc L. (Rubiaceae) is a woody vine that occasionally is found in coastal hammocks, and rarely inland. In Cuba, it is known as garañón and is used to make an herbal supplement with stimulating, revitalizing and anti-stress activity and also to increase the libido. This supplement is produced from ethanolic extracts of M. royoc roots. Recently, we reported the isolation and characterization of seven known anthraquinones from the dichloromethane extract of in vitro cultured roots [1] . Anthraquinones are an important group of secondary metabolites, some of which have been reported to exhibit interesting biological activities in vitro, such as: anti-bacterial, anti-fungal, anti-tuberculosis, anti-cancer, anti-viral, and anti-oxidant [2] . Nowadays, infectious diseases represent one of the greatest challenges. According to the World Health Organization, infectious diseases account for nearly a third of global deaths. The problem is frequently due to the emergence of widespread drug resistance [3] . In particularly, Staphylococcus aureus, a frequent cause of potentially life-threatening hospitalborne infections, has become increasingly resistant to most chemotherapeutic agents. On the other hand, the list of opportunistic fungi causing serious, lifethreatening infection increases every year. More than 90% of invasive infections due to Candida spp. are attributed to five species: C. albicans, C. glabrata, C. parapsilosis, C. tropicalis, and C. krusei. Our main goal was to evaluate the antimicrobial activity of the dichloromethane extract of M. royoc in vitro cultured roots (DCEMr), as well as the seven anthraquinones previously isolated.
Antifungal activity. DCEMr inhibited the growth of the tested yeasts with a minimum inhibitory concentration (MIC) value of 15.6 µg/mL, in all cases, except against C. glabrata with a MIC value of 1.95 μg/mL. In contrast, Fluconazole, used as a positive control of growth inhibition, had MIC values ranging between 31.2 μg/mL for C. glabrata and 0.5 μg/mL for C. albicans (HU501). Of all the anthraquinones analyzed, only morindone showed antifungal activity against all the clinically isolated strains, with MIC values of 1.95 μg/mL. The anti-fungal activity of anthraquinones isolated from plants has been reported previously. In particular, Ali et al. [4] reported the activity of morindone against C. lipolytica using a diffusion assay method and, therefore, an MIC value was not given [4] . Here, we used seven clinical isolates and compared the activity of morindone against NPC Natural Product Communications 2010 Vol. 5 No. 5
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Fluconazole, the antifungal drug most commonly used. We demonstrated that morindone had the same effectiveness on all the yeasts used in this study, even greater than that of Fluconazole in some cases, such as against C. glabrata, C. krusei and one C. albicans clinical isolate. Antibacterial activity. DCEMr showed a greater effect against oxacillin-resistant Staphylococcus aureus (ORSA) strain (MIC 31.2 μg/mL) than either oxacillin (MIC 125 μg/mL) or cephalotin (MIC 62.5 μg/mL), but this bacterium was susceptible to vancomycin (MIC 1.95 μg/mL). The Gram-negative microorganisms: Acinetobacter baumanii, Pseudomonas aeruginosa, and Klebsiella pneumoniae, were resistant to the extract, anthraquinones, and controls. Only the Gram-negative bacterium Escherichia coli was susceptible to either cephalotin (MIC 1 μg/mL) or oxacillin (MIC 0.48 μg/mL). From the seven anthraquinones assayed, only morindone was active against ORSA strain, with a MIC value of 15.6 μg/mL. Although the anti-bacterial activity of anthraquinones is well known, including some anthraquinones present in M. royoc, this is the first report about the activity of morindone against ORSA strain. We demonstrated that the DCEMr displayed a very important activity against this multidrug resistant strain. In addition, morindone showed remarkably better anti-ORSA activity than either oxacillin (MIC 55.5 μM and 283.2 μM, respectively), or cephalotin (MIC 55.5 μM and 149.4 μM, respectively).
In summary, DCEMr has a potent activity against yeast and bacteria, for which morindone is mainly responsible.
Experimental

Plant roots cultures:
The in vitro culture was obtained form Morinda royoc L. roots, collected in Ciego de Avila province of Cuba (voucher 10462, herbarium Julian Acuña of the Botanical Garden, Universidad de Camaguey). The roots were transferred to liquid culture medium supplemented with 0.55 mM inositol, 0.3 mM thiamine-HCl, 87.6 mM sucrose and 5.7 µM indole-3acetic acid, and kept for 30 days without shaking, under normal light conditions [5] . The roots were extracted with dichloromethane (150 mL) for 72 h in the dark. The anthraquinones were obtained as reported previously [1] .
Microorganisms:
Clinical isolates were used as test organisms: Candida albicans (HU501), C. albicans (HU498), C. albicans (HU53), C. krusei (HU168), C. tropicalis (HU166), C. parapsilosis (HU96), C. glabrata (HU84), Pseudomonas aeruginosa, Escherichia coli, Klebsiella pneumoniae, Acinetobacter baumannii, and Enterococcus faecalis (all provided by the Regional Center for Infectious Diseases, Faculty of Medicine, UANL). In addition, two Staphylococcus aureus strains: a wild type (ATCC 12598) and an oxacillin-resistant strain (IMSS-NL/HE22:01) were also used.
Antimicrobial assay:
Yeast and bacteria strains were tested using the micro-dilution assay following the M27-A2 and M100-S12 protocols of the National Committee for Clinical Laboratory Standards [6, 7] , respectively. Fluconazole from Sigma-Aldrich was used as control against yeasts, and Cephalothin, Oxacillin and Vancomycin from Eli Lily were used for bacteria. All the experiments were conducted 2 times.
